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ABSTRACT 


ge nso 


The scattering by a number of perfectly conducting spheres has been 
calculated as a function of bistatic angle for both principal circular polari~ 
zations. Normalized radar cross section and acattering phase are tabulated 
for body circumference in wavelengths equal to 1.0(1.0)10.0, 15.0(5.0)50.0 
with bistati«: angles 0.0(1.0)180.9 degrees. Selected graphs precede the 
tables. 
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I. INTRODUCTION 


The most important cf the bodies for which exact solutions are possible 
is the sphere. Caiculations via the exact solution for scattering by perfectly 
conducting spheres are of great importance, both as a means of calibrating cross~ 


section ranges and as a means of checking approximate methods of computation. 


In the monostatic case, the two most complete tables of scattering co- 
efficients for perfectly conducting spheres are those of Bechtel!, whose tables 
cover the range ka=0.2(0.02)50* where ka is sphere circumference in wavelengths, 
and those of Rhaineteia’; whose tables cover the range a/A = 0.01(..01)19.00, 
where a is the sphere radius and A is the wavelength. Both these tables give 
the amplitude and phase of the scattered field as well as the radar cross-section; 
they differ in that Rheinstein has referenced his phase value to the sphere's 
center, while Bechtel's results yield phase referenced to the specular point. 
Tables which are more limited than the two mentioned above have been published 
by Goodrich, et ale, by Crispin and Siegel’, and ty Alder and Johnson’, the 
latter tables giving monostatic cross-sections of a variety of dielectric spheres 


as well as of perfectly conducting ones. 


In the bistatic case, tables of scattering coefficients giving the amp!i- 
tude and phase of the electromagnetic wave scattered by a perfectly conducting 
sphere have been published for principal linear polarization combinations. 
Despite a very limited range of sphere sizes and bistatic angles, the early 
data of Proudman, Doodson, and Kennedy° are quite remarkable in view of the 
procedure for computation. In reference 7 tables are given of normalized 
echoing area and phase angle for sphere circumference ka = 0.25(0.25)16.00 
with bistatic angles = 0° (30.0) 180°, Those tables were based upon com;utations 
marie at the Cornell Aeronautical Laboratory. Attendant with scattering studies 
conducted at the University of Manitoba, tabiea® were compiled for a wide range 
of sphere sizes and bistatic angles. Normalized radar cross-section and scai~ 
tering phase are presented for both principal linear polarizations for 
ka = 1.0(1.0)10.0, 15.0(5.0)50.0 with bistatic angles = 0.0(1.0)180.0°. Graphs 
showing the bistatic dependence of normalized radar cress-section and scattering 
phase for ka = 1,0(1.0)10.0 precede the tables. 


*The code to this convention is: initial value (increment) final valve. 
=f 
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Interest has been generated in scattering behayior when antennas are 
circularly polarized. In the monostatic case of sphere scattering, the parallel 
circular polarization result is unchanged from the linear polarization result, 
and the opposite circular polarization return is identically zero [see Equations (1) 
and (2)}. The existing tables of reference 1 or 2 are appropriate for the non- 
trivial situation. In the bistatic case of sphere scattering, circular 
polarization data are completely defined by simple combinations of linear 
polarization data, and the calculations contained in reference 8 would apply, 
However, hand calculations combining phasors can be tedious, so the present 
table is offered. 

Principal circular polarization data (normalized radar cross-section and 
scattering phase) were computed for ka = 1.0(1.0)10.0, 15.0(5.0)50.0 with 
bistatic angles 0.0(1.0)180.0°. Graphs showing the bistatic dependence of 
parallel and opposite circular RCS and phase for ka = 1.0(1.0)10.0, 15.0, and 
20.0 precede the tables. 


This report is intended tc serve as a companion report to references 1 and 
8. For this reason, we limit further discussion to those topics necessary in 


the use of the data presented. 


II. NOTATION AND FORMULATION 


Computations are based upon Stratton's” formulation (modified for a 


time dependence) with spherical Beszel functions expressed in finite-series 
representation. Reference 1 contairs the details of the formulation for the 


interested reader. 


An incident, monochromatic, plane wave having number k (= au where \ is 


the wavele:gth) has been assigned the common grit time dependence. Real (REAL) 
and imaginary (IMAG) parts of the scattering coefficients were computed for 
E-plane and H-plane (principal linear polarization) configurations* as a function 


of bistatic angle. 


‘since this polarization convention is uniformly accepted, we do not elaborate 
further (e.g., see the Appendix of Reference 10). 


ae 
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We seek the related quantities for the two circular polarization combinations (1 
and OP) originating in the sense of these EM waves. By convention, PP or princ 
circular polarization obtains when transmitting and receiving antennas are 
circularly polarized with differing sense of rotation; OP or opposite circular 
- ‘larization corresponds with circular antennas having the same sense, The 
equations which join circular and linear polarization scattering coefficients 


can be shown to be 


REAL PP _ REAL OH) = REAL (5) (1) 


OP 


+ 
ie re . IMAG Oe IMAG (E) 


(4) 

For comparison purposes, note that the phase of the scattered field defined by 
equations (1) and (2) was referenced to the center of the perfectly conducting 
sphere. 


III. USE OF TABLES AND GRAPHS 


The tables present bistatic scattering data according to polarization 
pairs (circular PP and circular OP, respectively) in increasing order of integra 


value of ka. 


Beneath a major heading specifying polarization and ka lies a table con- 
sisting of five columns. The first column on the left contains the bistatic 
angle THETA in degrees: monostatic scattering or backscattering corresponds 
with THETA = 0°; forward scattering corresponds with THETA = 180°, The fifth 


column lists radar cross-section (0) normalized to its geometric optics value; i 


oO 


NRCS = (3) 


Ta 


Pe 


The fourth column gives the phase (PHASE) of the scattered field in degrees, 
modulus 360° and lying in the interval ~180° to +180°. Columns two and three 
present the real (REAL) and imaginary (IMAG) parts of the circular polarization 
scattering coefficients given by equations (1) and (2), where 


NRCS = |REAL + i mac|? (4) 
PHASE = tan? aes (5) 


and the sphere center is the phase reference. 


The only errora incurred in evaluating the scattering coefficients result 
from roundoff and from truncation of the infinite series representation of 
spherical Bessel functions. An IBM 370/168 digital computer was programmed to 
generate scattering~coefficient data which are accurate to six significant 


figures. 


Graphs preceding the tables permit a rapid assessment of the bistatic 
dependence of normalized radar cross-section and scattering phase over the 
range ka = 1.0(1.0)10.0, 15.0, and 20.0 (see Figs, 1 through 24). 
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Fig. 1. Normalized radar cross-section vs. bistatic angle. 
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Fig. 3. Normalized radar cross-section vs. bistatic angle. 
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Fig. 6. Phase vs. bistatic angle. 
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Fig. 7. Normalized radar cross-section vs. bistatic angle. 
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Fig. 7. Normalized radar cross-section vs. bistatic angle. 
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